Abstract: Tribulus terrestris L., commonly known as puncture vine is a plant that grows in temperate climates and is native in the South and East Europe (Bulgaria, Romania, Hungary and Slovakia). The medicinal attributes of puncture vine influence the furostanol saponins, which have a stimulation effect on natural testosterone levels. In regard to this fact the stimulating effect on the immune, sexual and reproductive system with muscle building, tonic action, vigor, vitality, stamina and physical endurance was proved. The occurrence of puncture vine, in Slovakia, and quantity determination of the specific constituents and heavy metal pollution in this plant material are presented. The quantity of furostanol saponins is various in different plant parts and was modified by growing conditions. The heavy metal content in this plant material was not higher than the maximum permissible concentration of these elements in the food (standard tea) by the Slovakian Food Codex.
Introduction
Natural products, their derivatives and analogs, represent over 50% of all drugs in clinical use, with r plantderived natural products providing approximately 25% of the total use. The commercial value of drug products still derived directly from higher plants is considerable and plants continue to be important sources of the new drugs.
The therapeutical use of puncture vine has a 5,000 year-old history, especially in India and China, where it had been used as an aphrodisiac and as a treatment for impotency, infertility, urinary disorders and also for Boosting hormone production in men and women, itchy skin and blood purification (Balch, 1990; Bartram, 1995) .
The scientific research has revealed that the furostanol saponins (dioscin, trillarin, gracillin, protodioscin, and protogracillin) found in this herb are responsible for its effectiveness in ameliorating impotency and sterility (Murray, 1993; Mbizvo, 1987) . In regard to several research works (Yan et al., 1996; Miles et al., 1993) , the Tribulus saponins after their extraction were hydrolyzed to sapogenins, which were examined by NMR spectroscopy and GC-MS (Agrawal et al., 1985) . Tribulus terrestris gave 5:1 mixture of diosgenin and tigogenin. Although many saponins, including some derivate from this plant, the relative abundance of the spitostanol moieties have not previously been determined.
Among the following constituents the flavonoids (quercetin-3-O-rhamnoglucoside /rutin/, quercetin glycosides, kaempferol-3-O-rhamnoglucoside, kaempferol glycosides and caffeoil derivates) are active. The results of variability in flavonoid compounds of four Tribulus species suggested that the desert locust prefer Tribulus terrestris plants rich in quercetin glycosides (Louveaux et al., 1998) .
Tribulus terrestris commonly known as puncture vine (Fig. 1) , belong to the Zygophyllaceae family, Caltrop, which reproduced by seeds. It is a prostrate, matforming plant with trailing stems, each 30 to 180 cm long and hairy. The leaves are opposite, pinnate, one to two inches long with four to eight pairs of leaflets. Flowers are small (6 to 12 mm wide), yellow, with five petals and borne in the leaf axis. The flowers produce seed burs (goatheads) from July to October. These fruits have a hard spiny bud that breaks into five tack-like sections at maturity, separated by shorter projections. Its simple taproot that divides into five rootlets allows it to take advantage of low moisture areas and/or germinate and survive in drought conditions (El Hadidi, 1978) . It is a plant that grows in temperate climate. This plant originates in Southern and East- 
, Nan -different forms of nitrogen, P -phosphorus, K -potassium, Ca -calcium, Mg -magnesium, pHsoil pH, Hm -organic matter ern Europe (Greece, Bulgaria, Romania, Hungary) and rarely occurs on sandy dunes in south Slovakia as endangered and threatened species involved to the Red Book (Čeřovský et al, 1999) .
Material and methods
The research work was divided into the following parts: collection of seeds and herbal material of Tribulus terrestris and evaluation as well as use during 1999-2001. Collection were organized several times a year in the separate localities of the West Slovakia (Nesvady, Nové Zámky) and ex situ cultivation was realized in Nitra and Streda nad Bodrogom (Tab. 1).
Some ecological characteristics of the localities:
Nesvady -warm climatic region in the Podunajská nížina lowland (SW Slovakia), an alkali sandy soil reaction with poor store of biogenic elements available (Tab. 2).
Nitra -warm climatic region of the lowlands of Western Slovakia, a neutral soil reaction with poor store of biogenic elements available to plants, good store of magnesium and phosphorus (Tab. 2). No fertilizers were added to the soil at the experimental site. Streda nad Bodrogom -temperate climatic region of the Východoslovenská nížina lowland (SE Slovakia), a neutral soil reaction and good fertility of sandy soil (Tab. 2).
Plant material
The plant material was dried after collection under roomtemperature.
The quantities (in g) and number of seeds (in pieces) of the Tribulus phytomass, which were collected and cultivated in Slovakia during last years, are presented in (Tab. 3).
Ex situ cultivation of puncture vine plants
The field experiments were located in the Botanical Garden of the Slovak University of Agriculture in Nitra and Streda nad Bodrogom during the years 1999-2001. Seeding was done in the middle of the spring, usually in May, number of seeds per square meter was 60-70, sowing spacing in rows was 0.3 m. Seed germination in the soil was observed at the beginning of this month. The first seed lobes above soil appeared during the next 15 days. A leaf rosette formation and an extension of stem growth were observed at the end of June. The setting of flower buds and plant flowering appeared during all ontogenetic phases of plant growth. The plant phytomass was collected in several times in September.
The plant parts were cleaned and subsequently dried for 10 to 15 days in a dark room at 21-23
• C and a relative humidity of 40 to 60%.
Analytical methods
The furostanol saponins from the dry plant material were isolated by extraction and their quantity was determined by HPLC analysis in the Mediherb Research Laboratories, University of Queensland, Brisbane, Australia.
Samples of puncture vine raw-material (1 g) for heavy metal determination were decomposed by 10 mL HNO3 and 1 mL H2O2 into vessels in a pressure autoclave. Mineralization was realized at the temperature of 150
• C during 5 h. Cadmium (Cd), lead (Pb), chrome (Cr), nickel (Ni), copper (Cu) and zinc (Zn) amounts were obtained using Shimadzu Model 660 with graphite fumace, Deuterium background corrector and autosampler. Mercury (Hg) was measured by a hydride vapor generation technique Shimadzu Model HVG-1. Results were evaluated by basic statistical methods (intervals of reliability).
Results and discussion

Chorology
The botanical specification of Tribulus terrestris L. in Slovakia, on the sandy soil in the Danube lowland, was presented et first by Dostál (1954) , as Tribulus terrestris L. ssp. orientalis (Kern.) Dost., occurring in the Záhorska nížina lowland, Podunajská nížina lowland with a possibility of trailing on the another areas (f. e. Nové Zámky railway station). The recent data (Stanová, 1995) presents the occurrence of this species in the plant association Brometum tectorum Bojko 1934. We observed it in plant community Tribulo-Tragetum racemosi Soó et Timár ex Bodrogkozy 1955, too. This association has an occurrence on the sandy dunes phragments of the Podunajská nížina lowland (the localities: Marcelová, Chotín, Nesvady, Čenkov). Similar data has been foud in Eliáš & Feráková (1999) . The current occurrence of the puncture vine population has been concentrated in the localities of the West Slovakia, which were mentioned in the literature. The occurrence of this plant species was confirmed in Nesvady, Nové Zámky etc. (sec. Záhrad 
Chemical analyses
The therapeutical use of puncture vine has a 5,000 year-old history, especially in India and China, where it had been used as an aphrodisiac and as a treatment for impotency, infertility, urinary disorders and also for Boosting hormone production in men and women, itchy skin and blood purification (Balch, 1990; Bartram, 1995) . A comparison of active component contents from 4 different localities indicates the highest yield in the raw material of harvests achieved in the agriclimatic conditions in Streda nad Bodrogom (Tab. 4). While the quantity and constituency of furanostanol saponins of puncture vine may be genetically coded, differences in production at the 4 tested sites indicated considerable interaction between the plant and environment.
In general, various growing conditions influence the quantity of the steroid saponins in the plant parts, too. A content of measured active components was higher in stems and leaves than in roots and seeds. The lowest content was in the seeds. The stems and leaves of puncture vine can be recommended for dry extract production dietary supplement preparations.
On the other hand, a comparison of heavy metal content of Tribulus plants from 4 different localities indicated the highest Cd, Hg and Cr contents in the phytomass in Nové Zámky, the highest Pb and Ni contents in Nesvady (Tab. 5).
The values of heavy metal contents obtained in this plant raw material were compared with the highest permissible concentrations according to the Regulation No. 14/1996 from the Ministry of Agriculture of Slovak Republic (Tab. 6). From the results we can conclude that Cd, Pb, Hg, Cr and Ni contents had a lower value than is the highest permissible value for food (standard tea).
The heavy metal contents of these Tribulus terrestris samples are not higher than the maximum permissible concentration of these elements in food (standard tea) apart from the Hg content in the plant material, which was collected in Nové Zámky.
